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1
SENSING DEVICE

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims the benefit of U.S. Provisional

Patent Application No. 61/325,078, filed on Apr. 16, 2010,
which 1s hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to the field of biomechanics
and more specifically to measurement of movements of body
segments.

BACKGROUND

The performance of a skilled task requires coordinated
intra-limb and inter-limb movement patterns. Performing a
task a multitude of times or deviating from a specific coordi-
nated pattern can result 1n an undesirable task being per-
formed or an 1njury to the performer. Deviation from a desired
coordination pattern can be the result of many factors includ-
ing, but not limited to, performer fatigue, the skill level of the
performer, difficulty of the desired task or changing environ-
mental conditions. Knowledge relating to the position of the
joints during the performance of a task can be beneficial to
identify and classily patterns ol movement inherent in par-
ticular tasks. When patterns of movement are 1dentified, 1t 1s
similarly desirable to i1dentily when a particular movement
has occurred, how many times that movement has occurred
and several other characteristics that can describe the particu-
lar motion.

Observation, assessment and interpretation of movements
are routinely used by coaches, therapists, clinicians, ergo-
nomics engineers and biomechanists to identily patterns in
joint movements. This process can be subjective and gener-
ally relies on the skill of the observer to identify relationships
in joint movements, to distinguish between changes 1n move-
ments and to count the amount of movements performed.
Using subjective measures by an observer introduces accu-
racy, repeatability and validity concerns when evaluating
limb movements. Further, subjective measures can be diifi-
cult to implement due to costs associated with observation
time.

Instrumentation of limbs to objectively observe motions 1s
currently used to address some of the above mentioned limi-
tations; however, instrumentation of the limbs has limitations.
For example, current methods of instrumentation of limbs can
be obtrusive to the performer, costly to implement and can
seldom be readily used outside a laboratory condition 1n a
reliable manner.

SUMMARY

A sensing device and system for measuring movement of a
moving segment of a body relative to a reference segment of
the body 1s provided. The sensing device includes a covering
configured to be positioned 1n contact with a body, the cov-
ering including a first covering portion and a second covering
portion. The first covering portion 1s configured to be posi-
tioned 1n contact with a moving segment of a body, and the
second covering portion 1s configured to be positioned 1n
contact with a reference segment of the body. The sensing
device further includes a sensor operatively attached to the
second covering portion, and a triggering mechanism opera-
tively attached at a first end to the first covering portion and
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operatively connected at a second end to the sensor. The
triggering mechanism extends from the moving segment to
the reference segment and across a joint center located
between the moving segment and the reference segment when
the covering 1s positioned in contact with the body. The sens-
ing device 1s configured such that when the covering 1s posi-
tioned in contact with the body, movement of the moving
segment activates the triggering mechanism to provide a force
input to the sensor. The force mput actuates the sensor to
generate an output defining at least one measurement of the
movement of the moving segment.

The sensing device may further include a processor con-
figured to receive and process the output. By way of non-
limiting example, the sensing device may be configured to be
in contact with a body where the moving segment 1s one of
adjacent or non-adjacent to the reference segment, and/or one
of contralateral or 1psilateral to the reference segment, and/or
one ol proximal or distal to the joint center between the
moving segment and the reference segment. The sensing
device may be configured to measure one or more of a joint
angle, a translation distance, a movement velocity, a move-
ment acceleration, and a count of the number of repetitions of
the movement. The sensing device may include a removable
storage device configured to receive the output from the sen-
sor such that the output can be transferred to a remote device.
In a non-limiting example, the sensing device may be config-
ured for wireless communication with a remote device such
that the output can be transierred wirelessly to the remote
device.

In an optional configuration, an intermediate mechanism
may be operatively attached to the second end of the trigger-
ing mechanism and configured to be 1n selective communi-
cation with the sensor, such that movement of the moving
segment activates the triggering mechanism to provide a force
input to the intermediate mechanism. The intermediate
mechanism may be configured to transfer the force input from
the sensor when the force input meets a predetermined thresh-
old, and to 1solate the force mput from the sensor when the
force mput does not meet the predetermined threshold.

The system for measuring movement of a moving segment
of a body relative to a reference segment of the body includes
a sensing device for measuring the movement, and may addi-
tionally include a processor, and one or more of an output
device, a storage device, and a computing device in commu-
nication with the sensing device and/or processor. The system
may be configured with a plurality of sensing devices, sensors
and/or triggering mechanisms. A method for measuring
movement of a moving segment of a body 1s also provided.

The above features and advantages and other features and
advantages of the present invention are readily apparent from
the following detailed description of the best modes for car-
rying out the invention when taken in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a system including a
sensing device;

FIG. 2A 1s a schematic view of a body including a body
segment 1n a position corresponding to a first joint angle and
in contact with the covering shown 1n further detail 1n FIG.
2B;

FIG. 2B 1s a schematic view of the body of F1G. 2A with the
body segment 1n a position corresponding to a second joint
angle, and the sensing device of FIG. 1 including the covering

of FIG. 2;
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FIG. 3A 1s a schematic view of a body i contact with a
sensing device configured to measure a joint angle defined by

non-adjacent segments, the body 1n a position corresponding,
to a first joint angle;

FI1G. 3B 1s a schematic view of the body and sensing device
of FIG. 3A, the body 1n a position corresponding to a second
jo1int angle;

FIG. 4 A 1s a schematic partial view of the sensing device of
FIG. 1, including a connector 1n a first configuration;

FI1G. 4B 1s a schematic partial view of the sensing device of
FIG. 1, including a connector 1n a second configuration;

FI1G. 4C 1s a schematic partial view of the sensing device of
FIG. 1, including a connector 1n a third configuration;

FI1G. 4D 1s a schematic partial view of the sensing device of
FIG. 1, including a connector in a fourth configuration;

FIG. SA 1s a schematic view of a knee joint and a sensing
device 1including a triggering mechanism integrated into the
covering of the sensing device and configured to measure
rotation of the knee joint;

FIG. 3B i1s a schematic view of a knee joint and a sensing,
device including a triggering mechanism attached to the cov-
ering ol the sensing device;

FIG. 6A 1s a schematic view of a knee joint in a first
position and 1n contact with a sensing device configured to
measure translation of the knee joint;

FIG. 6B 1s a schematic view of the sensing device and knee
joint of FI1G. 6A, the knee joint translated to a second position;

FIG. 6C 1s a schematic view of a knee joint and a sensing,
device, the sensing device including a plurality of covering
portions and configured to measure translation of the knee
jo1nt;

FIG. 7A 1s a schematic plan view of a hand 1n contact with
a plurality of sensing devices;

FI1G. 7B 1s a schematic partial view of a portion of the hand
of FIG. 7A, with the finger joint including the sensing device
in a second position;

FIG. 8A 1s a schematic partial view of a sensing device of
FIG. 7 showing the connector 1n additional detail;

FIG. 8B 1s a schematic partial view of the sensing device of
FIG. 7 showing an alternative configuration of the connector
including an intermediary triggering mechanism; and

FIG. 9 1s a schematic view of a hand in contact with a
sensing device; and

FIG. 10 1s a schematic view of a hand in contact with a
sensing device, the sensing device including a plurality of
triggering mechanisms.

DETAILED DESCRIPTION

Provided herein 1s a sensing device including a covering,
which may be used to mstrument a body to measure move-
ment of a limb, segment or joint center of the body. A system
including the sensing device 1s provided, and shown sche-
matically in FIG. 1. A plurality or combinations of sensing,
devices may be configured 1n a covering to measure the move-
ment of a combination of the limbs, segments and joint cen-
ters which are 1in contact with the covering. Alternately, a
combination of sensing devices may be used 1n combination
and the measurements obtained therefrom analyzed 1n com-
bination to monitor and/or determine patterns of movement of
a body.

Referring now to FIGS. 1, 2A and 2B, shown generally at
40 1s an example system 1ncluding a sensing device 16. As
shown in FIG. 1 and 1n a non-limiting example in FIG. 2B, the
sensing device 16 includes a sensor 19 and a triggering
mechanism 12, which are each operatively attached to a cov-
ering 15. The covering 15 includes a first covering portion 24
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and a second covering portion 26. The sensing device 16 1s
configured such that the first covering portion 24 may be
positioned 1n contact with a moving segment 17 of a body 10,
and such that the second covering portion 26 may be posi-
tioned in contact with a reference segment 18 of the body 10.
The sensor 19 1s operatively attached to the second covering
portion 26, and 1s operatively connected to a first end of the
triggering mechanism 12 at an attachment or mput interface
11. The triggering mechanism 12 may be made of an elastic
material, which may be configured as an elastic cord, band,
strap or segment or other material or of another configuration
capable of exerting a force 1nput, ¢.g., a load on the sensor 19
when activated by a movement of the body 10. The second
end of the triggering mechanism 12 1s operatively connected
to the input intertace 11 of the sensor 19 by one or more of
stitching, sewing, gluing, clamping, knitting, clipping, snap-
ping, or otherwise operatively affixing the second end of the
triggering mechanism 12 to the sensor 19. The direction of the
force mput exerted by the triggering mechanism 12 on the
input interface 11 of the sensor 19 may vary with the configu-
ration of the sensing device 16. In the examples described
herein, the force input 1s typically configured as a tensile load
exerted on the sensor 19, however these examples are not
intended to be limiting.

The triggering mechanism 12 is attached at the second end
to the first covering portion 24 at an attachment 13, such that
when the covering 15 1s positioned 1n contact with the body
10, the elastic matenial of the triggering mechamism 12
extends from the first covering portion 24 1n contact with the
moving body segment 17 to the sensor 19 attached to the
second covering portion 26 1n contact with the reference bod
segment 18, and across a joint center 14 located between the
moving body segment 17 and the reference body segment 18.
The attachment 13 of the end of the triggering mechanism 12
to the covering 15 may be made by one or more of stitching,
sewing, gluing, clamping, knitting, clipping and snapping or
otherwise aflixing the first end of triggering mechanism 12 to
the first portion 24 of the covering 15. The elastic material
triggering mechanism 12 and the sensor 19 are configured
such that, when a performer (shown 1n FIG. 2A as the body
10) wearing the sensing device 16 moves, the covering 15,
including the first and second portions of the covering 24, 26,
moves with the moving body segment 17 and relative to the
reference body segment 18 to activate the triggering mecha-
nism 12. The sensing device 16 may be configured such that
when the joint angle 0 (see FIGS. 2A and 2B) 1s at 1ts mini-
mum, the triggering mechanism 12 1s preloaded to provide a
preload force to the sensor 19. For the example shown in FIG.
2B, the preload would be configured as a minimal tensile load
on sensor 19 when 0 approaches zero degrees (not shown).
The activated triggering mechanism 12 exerts a force on the
sensor 19, which actuates the sensor 19 causing the sensor 19
to generate a signal corresponding to the movement of the
moving segment 17 and, in the example shown in FIGS.
2A-2B, corresponding to changes 1n the joint angle 0 defined
by the moving body segment 17, the reference body segment
18 and the joint 14 located therebetween.

The sensor 19 may include one or a combination of an
accelerometer, a piezoelectric crystal, a piezoelectric film, a
piezo-resistive film, a strain gauge or a similar sensing
mechanism capable of converting an input load into an output
signal. The output signal may be used to measure the move-
ment of the moving segment 17 relative to the reference
segment 18, to dertve a translation distance, to derive the joint
angle of a joint included between the segments 17, 18, and/or
to derive a velocity of the movement, and or/or derive an
acceleration of the movement. A plurality of output signals,
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cach corresponding to a movement, may be collected, logged
and/or stored, and/or used to analyze patterns of movement
and/or to count the number of repetitions of a movement. As
described previously, the sensor 19 may be operatively
attached to a second portion 26 of the covering 15 1n contact
with the reference body segment 18. Alternatively, the sensor
19 may be configured such that sensor 19 1s connected or
mounted to a circuit board, or may be integrated with a means
for signal processing, such as aprocessor 20, or with a storage
device, which may be configured as a removable memory
device, or a combination of these. In such a configuration, for
example, sensor 19 may be operatively attached to covering
15 by attaching the circuit board, processor, storage device or
other mechanism with which sensor 19 1s integrated or con-
nected to the covering 15.

Referring to FIG. 2A, shown generally at 10 1s a body,
which may also be referred to herein as a performer or a
wearer, icluding a moving body segment 17, a reference
body segment 18 and a joint center 14. The moving body
segment 17 may also be referred to as the first body segment
or the moving segment. The reference body segment 18 may
also be referred to as the second body segment or the refer-
ence segment. For 1llustrative purposes and by way of non-
limiting example, 1n FIGS. 2A and 2B the moving body
segment 17 1s an arm, the reference body segment 18 1s a
torso, and the joint 14 located between moving body segment
17 and adjacent body segment 18 1s a shoulder joint 14. The
position of the arm 17 relative to the torso 18, and the shoulder
joint 14 define a joint angle indicated as 0, the endpoint of
which 1s the center of shoulder joint 14. A sensing device 16,
shown 1n FI1G. 2B, 1s configured to measure the actions and
movements of moving segment 17 relative to the shoulder
joint generally indicated at 14 and relative to the reference
segment 18.

As the moving segment 17 1s moved, at least a portion of
the covering 135, including the first covering portion 24 moves
with the moving segment 17, activating the triggering mecha-
nism 12 and causing triggering mechanism 12, which 1n the
example provided 1s an elastic band or cord, to stretch and
contract corresponding to movements of moving segment 17,
thus imparting various loads on sensor 19 as moving segment
17 moves. The triggering mechanism 12 1s typically config-
ured to exert a tensile load on the sensor 19, where changes in
the tensile load correspond to movement of the moving body
segment 17, such as the movement from a {irst joint angle 0,
corresponding to a first position of the moving segment 17

shown 1n FIG. 2A to a second joint angle 0, corresponding to
a second position of the moving segment 17 shown in FIG.
2B.

The sensing device 16 may be configured such that the
triggering mechanism 12 provides a force input directly to the
sensor 19, as shown 1n FIG. 2B. In an optional configuration,
the sensing device 16 may include an intermediate mecha-
nism 22 (see FIGS. 1,4A-4D and 8 A-8B) interposed between
the triggering mechanism 12 and the sensor 19, which may be
configured with a cam-type mechanism, electronic circuitry,
or another mechanism, such that input forces (loads) gener-
ated by the triggering mechanism 12 which do not meet a
predetermined threshold are filtered or 1solated from the sen-
sor 19 so as not to produce a signal or sensor response. As will
be described 1n further detail, the intermediate mechanism 22
1s configured such that an mput force generated by the trig-
gering mechanism 12 which does meet the predetermined
threshold 1s transierred or otherwise transmitted via the inter-
mediate mechanism 22 to the mput interface 11 of the
sensor 19.
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Retferring to FIGS. 2A and 2B, when movement of the
moving segment 17 occurs, such as the movement of arm 17
and shoulder joint 14 from the position shown 1n FIG. 2A to
the position shown 1in FIG. 2B, the joint angle 0 of joint center
14 1s altered from 0, to 0, and the length of elastic material of
triggering mechanism 12 changes, altering the tensile force
applied in the material of the triggering mechanism 12 con-
sistent with Hooke’s Law. Alternatively, referring now to
FIGS. 6A and 6B, when movement of a moving segment 17
occurs, such as the movement of the moving segment (lower
leg) 17 relative to the reference segment (upper leg) 18 and
movement of the knee joint 14 from the position shown in
FIG. 6 A to the position shown in FIG. 6B, the joint position of
the joint center 14 1s altered such that the length X of the
clastic matenial comprising the triggering mechanism 12
changes, altering the tensile force applied to the sensor 19.
Changes 1n joint angle 0(t) and changes 1n the translation
distance T(t) correspond to changes in length X(t) of the
clastic material of the triggering mechanism 12 which corre-
spond to changes 1n force F(t) applied to the sensor 19. The
change 1n force F(t) corresponds to a change in voltage output
V(1) from the sensor 19 producing the relationship modeled in
equation (1), assuming the triggering mechanism 12 has a
spring coellicient k.

FT(D)+k0(D)=kX () =F (D= V(1) (1)

When an intermediate mechanism 22 1s 1nterposed
between the triggering mechanism 12 and the input interface
11 of the sensor 19, as described herein, the intermediate
mechanism 22 produces a force F(s) on the sensor 19 which
correspond to a change 1n voltage output V(t) from the sensor
19 which can be modeled by equation (2), assuming the
triggering mechanism 12 has a spring coetlicient k.

kT(H)+k0(1)=kx(t)=F(1)—F(s)— V() (2)

Additionally, 1t should be recognized that the use of the
above mentioned sensor 19 attached to the covering 15 about
a moving segment 17 can produce a signal independent of a
triggering mechanism 12 which might also be usetul 1n analy-
s1s of the jomnt movement 1n question.

Referring again to FIG. 1, the system 40 may include a
processor 20, an optional output device 34, and a computing
device 36. It would be understood that one or more of these
devices 20, 34, 36 may be configured to perform some or all
of the functions of one or more of the other devices, and that
the system 40 configured as illustrated by FIG. 1 1s not
intended to be limiting. For example, the computing device
36 may be configured to perform some or all of the output and
processing functions of the output device 34 and the proces-
sor 20, respectively. One or more of the output device 34, the
computing device 36, and the processor 20, may be referred to
herein as a remote device, when the device 1s so configured as
remote from the sensing device 16 within the system 40, e.g.,
when device which 1s not physically connected to the sensing
device 16 by wiring, cables, or other physical means.

The system 40 may include a storage device (not shown)
which may be configured to include, by way of example,
Read Only Memory (ROM), Random Access Memory
(RAM), electrically-erasable programmable read only
memory (EEPROM), etc., of a size and speed suilicient for
logging and storing the output signals and measurements
generated by the sensing device 16, and as required, for
performing analysis of the logged and/or stored information
using the processor 20 and/or the computing device 36. One
or more of the sensing device 16, the processor 20, the output
device 34 and the computing device 36 may be configured as
or to include a storage device or memory.
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By way ol non-limiting example, the storage device may be
configured as a USB, a USB cable, a tlash drive, a memory
chip, or other removable memory device. The sensing device
16 may be configured in communication with the removable
storage device such that output signals and/or measurements
may be received, stored and/or logged to the removable
memory device during actuation of the sensor 19 by a move-
ment of the body 10 activating the triggering device 12. The
removable storage device may be removed from the sensing,
device 16 and placed 1n communication with one or more
remote devices, such that storage and transfer of the informa-
tion (signals, measurements) logged and/or output from the
sensing device 16 to the remote device for storage, display,
analysis, etc. can easily occur.

In another non-limiting example, the sensing device 16
may be configured for contactless or wireless communication
with a remote device, using BLUETOOTH®, Radio Fre-
quency Identification (RFID), Wi-F1™, or any other near field
communication means. The sensing device 16 may be con-
figured such that the output signal from the sensor 19 and/or
measurement derived therefrom 1s transmitted to one or more
remote devices 1n real time, e.g., as the output signal 1s gen-
erated by actuation of the sensor 19 caused by activation of
the triggering mechanism 12 by movement of the moving
segment 17. The sensing device 16 may be configured to
receive signals and/or information transmitted wirelessly
from a remote device to the sensing device 16.

The output device 34 may be configured to display the
signal and/or the measurement generated by the sensing
device 16, a plurality of signals and/or measurements logged
and/or stored within the system 40, a count of the movements
or repetitions thereol measured by the sensing device 16,
results of analysis of the logged data, which may include
identification and analysis of patterns of movement, etc. The
output device 34 may be configured to display the informa-
tion as described previously, and/or may be configured to
display messages and/or alerts. The output device 34 may be
configured to provide output configured as one or a combi-
nation of an audio output, a visual output, an audio-visual
output, an electronic output, and a printed output. The output
may be provided as a message or alert, for example, to the
wearer of the sensing device 16, to notily the wearer 10 of
information related to the wearer’s movements as measured
by the sensing device 16 or to communicate status relative to
a predetermined rule, threshold or condition corresponding to
the wearer’s movements, as measured by the sensing device
16, to the wearer. Non-limiting examples ol messages or
alerts which may be provided to a wearer 10 may include
teedback related to proper and improper movements (magni-
tude, direction, velocity) or deviation from a specified or
desired coordination pattern while performing a task, a
therapy or a treatment, etc., a message that a threshold or
target count has been met for a repetitive movement, an alert
that a recommended movement limit 1s being approached or
has been exceeded, etc.

The computing device 36 may be configured to store and/or
analyze the signals and/or measurements generated by the
sensing device 16. The computing device 36 may be config-
ured to, by way of example, analyze the movements corre-
sponding to the signals and/or measurements, to i1dentily
patterns of movements, to count repetitions of movements, to
generate messages, alerts, reports and/or other forms of out-
put based on the information generated by and/or obtained
from the sensing device 16. In a non-limiting example, infor-
mation (signals, measurements) may be collected from a
wearer 10 configured with one or more sensing devices 16
during performance of a particular task, to identity and clas-
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sily patterns of movement inherent 1n the particular tasks.
Analysis of the patterns of movement may be used to redesign
the task or environment within which the task 1s performed, to
develop training of an optimized method or sequence for
performing the task, etc.

The processor 20 may be configured to recetve and process
the output signals and/or measurements generated by the
sensor 19 and/or sensing device 16. The processor 20 may
also be configured as and/or referred to, by way of non-
limiting example, as a circuit, a circuit board, a conditioning
circuit, a signal processor, or a printed circuit board assembly
(PCBA). The processor 20 may be configured to process the
output signals and/or measurements defined by the output
signals by one or more of filtering, amplifying, counting,
transmitting, converting (for example, from analog to digital),
recording, and storing the output signals and/or measure-
ments. The processor 20 may be operatively connected to the
sensor 19 and/or the sensing device 16 (see FIG. 2B), or may
be configured as a remote device which may be 1n wireless
communication with the sensing device 16 (as described for
FIGS. 3A-3B).

The sensing device 16 may include a plurality of sensors 19
and/or triggering mechanisms 12, wherein one or more of the
triggering mechanisms 12 may be configured to exert an input
force on one or more sensors 19, and one or more sensors 19
may be in communication with a processor 20. The distance
between the processor and one or more sensors operatively
connected to the processor may be varied, for example, by
using sensor leads, wires, and/or cables of variable length, or
other connecting means to facilitate placement and attach-
ment of the processor 20 to another portion of the covering 15
other than the second portion 26 and/or adjacent to or directly
connected to the sensor 16, or as required to configure the
processor 20 to receive and process signal outputs from a
plurality of sensing devices 16 and/or sensors 19 operatively
attached to the covering 15.

Other measures, such as the velocity or acceleration of a
signal, which may correspond to the velocity or acceleration
of a movement, may be monitored. Threshold values can be
established for measures, such that only values meeting the
threshold values are recorded, for example, to eliminate sig-
nal values associated with incidental or non-studied move-
ments or signal noise. The threshold value may be a value
which must be exceeded or alternatively, a threshold value
may be a value which mustnot be exceeded, depending on the
objective of the measurement or monitoring study.

Mechanical or electrical means may be provided to 1solate
or filter signal values which do not meet an established thresh-
old level, where the threshold level may be defined as either a
minimum or maximum value to be met. Signal values may be
1solated or filtered, for example, using the processor 20. As
another example, an intermediate mechanism 22, as will be
described 1n further detail, may be used to isolate or filter
force mputs from a triggering mechanism 12. As shown 1n
FIG. 1, a preceding mechanism 30 may be configured 1n
operative communication to at least one of the triggering
mechanism 12, the sensor 19 and the processor 20, wherein
the preceding mechanism 30 may be configured to provide a
signal output or actuating mmput at a threshold level as a
prerequisite to activating the triggering mechanism 12, gen-
erating an output signal from sensor 19, and/or processing a
signal or measurement using the processor 20. As illustrated
by FIG. 1, the preceding mechanism 30 may be, for example,
operatively attached to a third covering portion 32, where the
third covering portion 32 1s configured to be 1n contact with a
portion of the body 10. The third covering portion 32 may be
in contact with another body segment, e.g., a body segment
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other than the moving segment 17 or reference segment 18, a
joint which may be the joint center 14 or another joint, or
another portion of the body 10. The preceding mechanism 30
may be configured similarly to one of a triggering mechanism
12, an mtermediate mechanism 22, or of another configura-
tion. For example, the preceding mechanism 30 may include
a conductive textile, which may be integrated 1nto the cover-
ing 15, and configured to provide a threshold voltage to one of
the sensor 19 and the processor 20 as a prerequisite to the
sensor 19 generating an output signal, or as a filtering input to
the processor 20. Dependent measures collected from the
sensor output signals can be transierred or transmitted to the
computing device 36 or to another remote device for analysis
through several means.

As referred to herein, a body segment, as that term 1s
generally used, and including but 1s not limited to a moving
body segment 17 and a reference body segment 18, refers to
a portion (segment) of the body such as a head, torso, arm,
forearm, hand, thigh, leg, or foot of the body 10. A body
segment may be comprised of a bone or a combination of
bones, where the combination of bones may define a body
segment. For example, the upper leg may be, by 1tself, a body
segment. As another example, the leg, e.g., the combination
of the upper leg and the lower leg, may define a body segment.
As another example, and referring generally now to a hand, a
first segment may be defined by a metacarpal connecting the
wrist bones to a particular finger, and a second segment may
be defined by one of or a combination of the phalanges form-
ing that particular finger. In yet another example, a singular
vertebra may comprise a body segment, and a portion of the
spine including a plurality of vertebrae may comprise another
body segment. The term body segment or segment, as used
herein, 1s not intended to be limiting, and may be used to refer
to any portion of the body which includes a joint center
between that portion of the body and another segment of the
body. The sensing device 16 may be configured such that the
first covering portion 24 may be positioned in contact with a
moving segment 17 and the second covering portion 26 may
be positioned in contact with a reference segment 18 wherein
the moving segment 17 and the reference segment 18 may be
one of adjacent and non-adjacent to each other.

As referred to herein, a joint center refers to the center of a
joint of the body 10 which may be located between two
adjacent or non-adjacent body segments. Joint centers located
between adjacent body segments may include, for example,
the joint centers commonly known as the shoulder, elbow,
wrist, trunk, neck, hip, knee, and ankle. The term joint center,
as used herein, 1s not intended to be limiting, and may be used
to reference the center of a singular joint, such as a hip joint,
or may be used to reference the center of a combination of
joints, for example, the center of a plurality of vertebrae. A
joint center defined by non-adjacent body segments may con-
tain the adjacent segments and their respective joint centers
located between the non-adjacent body segments.

A joint angle, as referred to herein, 1s the angle defined by
two adjacent or non-adjacent body segments and a joint cen-
ter between the body segments, where the endpoint of the
angle corresponds with the joint origin. For example, a joint
angle may be defined by the upper arm segment, forearm and
clbow, where the endpoint of the joint angle coincides with
the elbow joint and the upper arm and forearm are adjacent
body segments. As another example, a joint angle may be
defined by the head, upper arm and neck, where the endpoint
of the joint angle coincides with the neck joint and the head
and upper arm are non-adjacent body segments. Referring to
FIGS. 3A-3B, ajoint angle may be defined by the joint center
of non-adjacent vertebrae. In the example shown, the joint
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angle 1s defined by a joint center located between, for pur-
poses of 1llustration, a vertebra generally indicated at 17, and
a non-adjacent vertebra generally indicated at 18. In the
example shown i FIGS. 3A-3B, the non-adjacent vertebra
may be, for example, the C1 and T12 vertebrae, respectively.
Accordingly, in the FIGS. 3A-3B, the sensing device 16 1s
configured to measure the movement of non-adjacent body
segments 17, 18, and the sensing device 16 1s configured such
that the triggering mechanism 12 1s extended across multiple
joints and body segments, including the joint center measured
by the joint angle 0 shown 1n FIGS. 3A-3B corresponding to
a first position and a second position of the body 10.

Further, as referred to herein, the term proximal 1s under-
stood to be defined as located between the reference point and
the center of mass of the body, and the term distal 1s defined
as located outward of the reference point relative to the center
of mass of the body. For example, a location on the body
described as distal of the shoulder joint, using the shoulder
joint as the reference point, 1s a location on the arm, forearm,
hand or arm limb generally, e.g., outboard or outward of the
shoulder joint with respect to the center of mass of the body.
Additionally, for example, a location on the body described as
proximal of the shoulder joint, using the shoulder joint as a
reference point, 1s a location on the body which 1s inward of
the shoulder joint, e.g., located on the torso, head, leg, limb or
any other body location which 1s closer to the center of mass
of the body than the reference shoulder joint. The sensing
device 16 may be configured such that the first covering
portion 24 may be positioned in contact with a moving seg-
ment 17 and the second covering portion 26 may be posi-
tioned 1n contact with a reference segment 18 wherein the
moving segment 17 1s one of distal and proximal to the
reference segment 18, and/or wherein the moving segment 17
1s one of proximal and distal to the joint center 14 located
between 1n segments 17, 18, and the reference segment 18 1s
the other of proximal and distal to the joint center 14.

Further, as referred to herein, the term contralateral is
understood to be defined as located on opposite sides of the
body, for example, the left hand 1s contralateral to the right
hand, the right arm 1s contralateral to the left leg, and the left
side of the back 1s contralateral to the right side of the back.
One or more joints and joint centers may be located between
two adjacent or non-adjacent contralateral body segments.
For example, the spine joint 1s located between the right and
lett sides of the back, which represent adjacent contralateral
body segments. Additionally, for example, the neck joint 1s
located between the rnght hand and left hand, which represent
non-adjacent contralateral body segments. The sensing
device 16 may be configured such that the first covering
portion 24 may be positioned in contact with a moving seg-
ment 17 and the second covering portion 26 may be posi-
tioned 1n contact with a reference segment 18 wherein the
moving segment 17 may be contralateral to the reference
segment 18 and the segments 17, 18 may be one of adjacent
and non-adjacent to each other.

For example, a sensing device 16 (not shown) may be
configured to measure the movement of adjacent contralat-
eral segments such as the right and left sides of the torso,
relative to joints 1n the spine. In such a configuration, the
sensor 19 1s attached to a first covering portion 24 of a cov-
ering 13 in contact with the right side of the torso and the first
end of the triggering mechanism 12 1s attached to a second
covering portion 26 of a covering 15 1n contact with the left
side of the torso, such that triggering mechanism 12 extends
from a first body segment, the right side of the torso, to a
second body segment, the lett side of the torso, while extend-
ing or crossing over the spine joint 14 therebetween, such that
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movement of the adjacent contralateral body segments may
be measured. The covering 15 may be configured, for
example, as a band or sleeve including the first covering
portion 24 and the second covering portion 26, the covering
15 configured to surround the torso such that the covering 15
1s 1n contact with the perimeter surface of the torso of the body
10 being measured.

In another example, the sensing device 16 may be config-
ured to measure the movement of non-adjacent contralateral
segments such as the right leg and the left leg, relative to the
hip joints. In such a configuration, the sensor is attached to a
second covering portion 26 of a covering 15 1n contact with
the right leg and the first end of the triggering mechanism 12
1s attached to a first covering portion 24 of the covering 15 1n
contact with the left leg, such that triggering mechanism 12
extends from a first body segment, the right leg, to a second
body segment, the left leg, while extending or crossing over
the left and right hip joints therebetween, such that movement
of the non-adjacent contralateral body segments may be mea-
sured. The covering 15 may be configured, for example, as a
pant or trouser which may be worn on the body 10 being
measured.

As referred to herein, the term 1psilateral 1s understood to
be defined as located on the same side of the body, for
example, the left arm 1s 1ipsilateral to the left leg, the right side
of the back 1s 1psilateral to the right arm, the left side of the
back 1s 1psilateral to the left foot. One or more joints and joint
centers may be located between two adjacent or non-adjacent
ipsilateral body segments. For example, the right shoulder
joint 1s located between the right side of the back and the right
arm, which represent adjacent ipsilateral body segments.
Additionally, for example, the left hip joint 1s located between
the left leg and left arm, which represent non-adjacent 1psi-
lateral body segments. The sensing device 16 may be config-
ured such that the first covering portion 24 may be positioned
in contact with a moving segment 17 and the second covering
portion 26 may be positioned 1n contact with a reference
segment 18 wherein the moving segment 17 may be 1psilat-
eral to the reference segment 18 and the segments 17, 18 may
be one of adjacent and non-adjacent to each other. For
example, the sensing device 16 may be configured to measure
the movement of non-adjacent ipsilateral segments such as
the left hand, relative to the left arm. In such a configuration,
the mput interface 11 and sensor 19 1s located 1n a second
covering portion 26 of the covering 15 in contact with the left
arm and the second attachment point 13 1s located 1n a first
covering portion 24 of the covering 15 in contact with the left
hand, such that triggering mechanism 12 extends from a
reference body segment, the leit arm, to a moving body seg-
ment, the left hand, while extending or crossing over the left
clbow and wrist joints therebetween, such that movement of
the non-adjacent 1psilateral body segments may be measured.

In another example, the sensing device 16 may be config-
ured to measure the movement of adjacent i1psilateral seg-
ments such as the right side of the torso and the right upper
arm, relative to the right shoulder joint, as shown 1n FIGS. 2A
and 2B. In such a configuration, the sensor 19 1s attached to a
second covering portion 26 of the covering 13 1n contact with
the right side of the torso, and the first end of the triggering
mechanism 12 1s attached to a first covering portion 24 of
covering 15 1n contact with the right upper arm, such that
triggering mechanism 12 extends from a reference body seg-
ment 18, the right side of the torso, to a moving body segment
17, the nnght upper arm, while extending or crossing over the
shoulder joint 14 therebetween, such that movement of the
adjacent 1psilateral body segments may be measured to deter-
mine the joint angle 0 as shown in FIGS. 2A and 2B. The
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covering 15, 1n the non-limiting example shown 1n FIGS. 2A
and 2B, 1s configured as a garment, which in the present
example, 1s configured as a shirt.

As described previously and illustrated by FIG. 2B, the
sensing device 16 may be configured such that the first cov-
ering portion 24 may be positioned 1n contact with a moving
segment 17 and the second covering portion 26 may be posi-
tioned 1n contact with a reference segment 18 wherein the
moving segment 17 1s distal to the joint center 14 and the
reference segment 18 1s proximal to the joint center 14. As
shown 1n FIG. 2B, the sensing device 16 can be attached to
covering 15 such that first end of the triggering mechanism 12
can be placed distal to relative to joint center 14 at attachment
13 and the sensor 19 can be anchored proximal relative to the
joint center 14.

In an alternate configuration (not shown), the sensing
device 16 may be configured with the orientation of the first
end of triggering mechanism 12 and the sensor 19 opposite to
the configuration shown 1n FIG. 2B, such that the first end of
the triggering mechanism may be attached to the second
portion 26 (referring to FIG. 2B) 1n contact with the reference
body segment 18, and sensor 19 may be attached the first
covering portion 24 (referring to FIG. 2B) 1n contact with the
moving segment 17. Thus configured, the sensing device 1s
located distal to the joint center 14, and the triggering mecha-
nism 1s extended from the moving segment 17 across the joint
center 14 to a covering portion in contact with the reference
segment 18.

FIGS. 3A and 3B show, as described previously, a sensing,
device 16 configured to provide an output corresponding to a
joint angle 0 defined by a vertebra generally indicated at 17,
a non-adjacent vertebra generally indicated at 18, and a joint
center 14 (see FI1G. 3B) located between and defining the apex
of the joint angle 0. In the example shown 1n FIGS. 3A-3B,
the non-adjacent vertebra may be, for example, the C1 verte-
bra (generally indicated at 17) and the T12 vertebra (generally
indicated at 18), respectively. Accordingly, i the FIGS.
3A-3B, the sensing device 16 1s configured to measure the
movement of non-adjacent body segments 17, 18, where the
triggering mechanism 12 1s extended across multiple joints
and body segments, including the joint center measured by
the joint angle 0, shown 1n FIG. 3A and corresponding to a
first body position and the joint angle 0, shown in FI1G. 3B and
corresponding to a second position of the body 10. The sens-
ing device 16 shown in FIGS. 3A and 3B may be included 1n
a system such as the system 40 shown in FIG. 1. In a non-
limiting example, the sensing device 16 may be configured to
wirelessly communicate with a remote processor 20 and/or a
remote output device 34 such that the sensing device 16 may
transier the output signals from the sensor 19 to the remote
processor as the performer moves from a preferred posture,
e.g., the first position shown 1 FIG. 3A to a less desirable
posture, e.g., the second position shown 1n FIG. 3B. The
remote processor 20 may, upon detecting movement to the
less desirable posture, provide a message to the performer,
which may be displayed on the output device 34, to make an
adjustment 1n his posture to the preferred position.

As shown 1n the non-limiting examples 1n FIGS. 2A, 2B,
3A,3B,5A,5B,6A, 6B, and 6C, the triggering mechanism 12
when actuated by a movement of the movable segment 17 1s
operatively connected to the input interface 11 such that the
force input produced by the triggering mechanism 12 1s input-
ted directly to the sensor 19. As discussed previously, and as
shown 1n FIGS. 4A, 4B, 4C, 4D, 7A, 8A, and 8B, an inter-
mediate device 22 may be mterposed between the input inter-
face 11 of the sensor 19 and the triggering mechanism 12,
such that the activation of the intermediate mechanism 22
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generates an mput force to the interface 11 and the sensor 19.
The intermediate mechanism 22 may be configured to filter or
1solate the input force generated by the triggering mechanism
12 1n response to a activating movement of the movable
member 17 from the sensor 19 when the input force generated
by the triggering mechamism 12 does not meet a threshold
input force predetermined for the sensing device 16, and/or
the corresponding movement does not meet a threshold level
predetermined for the sensing device 16. Such a configuration
provides the advantage of preventing inadvertent or non-
intentional inputs to the sensor 19, which may cause noise 1n
the signal data logged, and/or provides a filter to segment the
output signals, e.g., to truncate the distribution of the unfil-
tered output signals to focus monitoring and analysis 1n a
target range of movement. As used herein, “unfiltered output
signals” refer to the population of output signals which would
be generated by a sensing device 16 configured without an
intermediate mechanism 22.

Various configurations of an intermediate mechanism 22
are possible, and the examples shown and described herein
are 1ntended to be non-limiting. As shown 1n a first example
configuration 1n FIG. 4A, the mtermediate mechanism 22
may be configured as a cam 22 in selective contact with a
sensor contact 44 and operatively connected to the first end of
the triggering mechamsm 12 at attachment 42. In the example
shown 1n FIG. 4A, the sensor contact 44 1s configured as a
cam follower, and the mput interface 11 1s defined by the
contact profile between the surfaces of the cam 22 and the
cam follower 44, where increasing interference between the
surfaces causes an upward deflection of the cam follower 44
(as 1llustrated in the drawing) in the direction w, and
decreased interference between the surfaces causes decreased
or little to no deflection of the cam follower 44. As shown 1n
FIG. 4A, when the triggering mechanism 12 1s initially acti-
vated by a movement of a movable joint 17, the triggering,
mechanism 12 exerts a tensile force at attachment 42 1n a
direction X on the cam 22, causing the cam 22 to rotate in a
direction w. The cam 22 1s configured such that the surface of
the cam rotates away from the surface of the cam follower 44,
decreasing the pressure exerted by the cam 22 on the cam
tollower 44, thereby decreasing the deflection of the cam
tollower 44 and 1solating and/or filtering the sensor 19 from
the input force generated by the triggering mechamism 12. As
the 1nput force generated by the triggering mechanism 12
increases above a threshold level, the cam 22 1s further rotated
in a direction w such that the base circle portion of the cam 22
contacts the cam follower, increasing the pressure on the cam
tollower and causing 1t to deflect upward (as oriented on the
drawing page). The upward detlection provides an actuating
force through interface 11 and the cam follower 44 to the
sensor 19, causing the sensor 19 to generate an output signal
corresponding to the iput force of the triggering mechanism
12 and the activating movement of the moving segment 17.

In another configuration shown 1n FIG. 4B, the intermed:-
ate mechamism 22 may be configured as a reel or spool 22
including a contact element 46 which may be selectively
rotated 1n selective contact with the imput intertace 11 of a
sensor contact 44. The reel 22 1s operatively connected to the
first end of the triggering mechamism 12, wherein a length or
portion of the triggering mechanism may be wrapped around
the axis of the reel 22, such that the triggering mechanism 12
may be activated to exert a tensile force 1n a direction X below
a threshold level without causing suilicient rotation of the reel
22 and the contact element 46 1n a direction w, such that below
a threshold level the contact element 46 exerts minimal to no
pressure against the input interface 11. In the example shown
in FIG. 4A, the sensor contact 44 may be configured as a
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pressure transducer, for example, such that rotation of the
contact element 46 in contact with and against the input
interface 11 may exert a pressure on the pressure transducer
44, thereby causing the pressure transducer 44 to actuate the
sensor 19 to generate an output signal. As shown 1n FIG. 4A,
when the triggering mechanism 12 1s mitially activated by a
movement of a movable joint 17, the triggering mechanism
12 exerts a tensile force 1n the direction X, which initially
takes up any slack 1n the triggering mechanism 12 where 1t 1s
wrapped around and/or attached to the axis of the reel 22. As
the tensile force exerted by the triggering mechanism
increases, the reel 22 and the contact element 46 attached
thereto rotate 1n a direction w. When the tensile force exerted
by the triggering mechanism 12 reaches a threshold level, the
reel 22 and the contact element 46 are sufliciently rotated
such that the contact element 46 makes contact with the input
interface 11 of the pressure transducer 44, actuating the sen-
sor 1o generate an output signal corresponding to the input
force of the triggering mechanism 12 and the activating
movement of the moving segment 17.

In another configuration shown in FIG. 4C, the intermedi-
ate mechanism 22 may be configured as a connector 42
including a secondary triggering mechanism 38, which may
also be referred to herein as a secondary mechanism. The first
end of the triggering mechanism 12 1s operatively connected
to the connector 42, and a first end of a secondary mechanism
38 1s operatively connected to the input interface 11 of the
sensor 19. The connector 42 may be of any configuration
suitable to operatively connect the triggering mechanism 12
to the secondary mechanism 38. In a non-limiting example,
the secondary mechanism 38 may be configured of a material
having a higher spring coellicient than the spring coelficient
of the triggering mechanism 12, such that the secondary
mechanism 38 will filter and/or 1solate the tensile iput force
of the triggering mechanism 12 until a predetermined thresh-
old 1s reached. The secondary mechanism 38 may comprise
an elastic material, a spring, a spring-like element, or another
configuration or material providing the higher spring coetfi-
cient. As shown in FIG. 4C and described herein, below a
threshold level the tensile force exerted by the triggering
mechanism 12 1 a direction X 1s insufficient to activate
(extend) the secondary mechanism 38 sufficiently to transfer
an mput force to the input interface 11 of the sensor 11. When
the tensile force exerted by the triggering mechanism 12
reaches or exceeds the predetermined threshold level, the
triggering mechanism 12 exerts suificient force to cause the
secondary mechanism 38 to exert an input force on the sensor
19, thereby actuating the sensor to generate an output signal
corresponding to the mput force of the triggering mechanism
12 and the activating movement of the moving segment 17.

FIG. 8B shows an intermediate mechanism 22A config-
ured similarly to the configuration described for FIG. 4C, and
as an optional construction of the sensing device 16 A shown
in FIG. 7A. The intermediate mechanism 22A includes a
secondary mechanism 38A configured as a spring attached at
one end to the input interface 11A of the sensor 19A and atthe
other end to a connector 42A configured as a loop through
which the triggering mechanism 12 1s passed, such that the
triggering mechanism 12, when extended, exerts a tensile
force on the loop 42A and the spring 38A. The intermediate
mechanism 22A operates as described for FIG. 4C, however
the loop 42 A provides an additional 1solating and/or filtering
feature. As the triggering mechanism 12 1s extended 1n
response to an increase 1n the joint angle 0 ,, the triggering
mechanism 12 may extend in length before contacting, e.g.,
interfering with, the loop 42A to begin to exert a tensile force
on the secondary mechanism 22A, thereby i1solating the input
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force exerted by the triggering mechanism 12 from the spring
clement 38A and the sensor 19.

Referring now to FIG. 8A, the mtermediate mechanism
22 A 1s shown 1n a simplified configuration, where the inter-
mediate mechanism 22A 1s configured as a loop operatively
connected to the sensor 19, such that the loop 22 A defines the
input mterface 11A. As previously described, the triggering
mechanism 12 which 1s passed through the loop 22A may
extend 1n length before contacting and meeting sufficient
resistance from the loop 22A to exert an input force above a
threshold level. Accordingly, until the triggering mechanism
12A engages the loop 22A 1n resistive contact, the loop 22A
clfectively 1solates and/or filters the sensor 19A from an input
torce below the threshold level. When the triggering mecha-
nism 12A 1s extended suilicient due to the activating move-
ment of the segments 17A, 18 to exert a tensile force on the
loop 22A, the tensile force may be transferred via the loop
22 A to the input interface 11 A of the sensor 19A, the trigger-
ing mechanism 12A actuating the sensor to generate an out-
put signal corresponding to the iput force of the triggering
mechanism 12A and the activating relative movement of the
segment 17A, 18A (see FIG. 7TA).

Referring now to FIG. 4D, another non-limiting example
configuration of an intermediate mechanism 1s shown. The
intermediate mechanism 22 may be configured as a frictional
clement 22 shidable engaged with an input interface 11 of the
connector 22, such that sliding displacement of the frictional
clement 22 1n a direction X produces an actuating input to the
input interface 11. The frictional element 22 1s operatively
connected to a first end of the triggering mechanism 12 at
attachment 42. The intermediate mechanism 1s configured
such that the frictional force fat the input interface 11 which
must be overcome prior to mitiating sliding movement and
displacement of the frictional element 22 from its initial posi-
tion 1s greater than the mput force exerted by the triggering,
mechanism 12 below a predetermined threshold level. As
shown 1n FIG. 4D and described herein, below a threshold
level the tensile force exerted by the triggering mechanism 12
in a direction X, 1s insuificient to overcome the frictional
force 1 resisting the sliding movement of the friction element
22 1n a direction X2, such that the friction element 22 1s not
displace 1n a direction X, and the input force exerted by the
triggering mechanism 12 below the threshold level 1s 1solated
from the sensor 19. When the tensile force exerted by the
triggering mechanism 12 reaches or exceeds the predeter-
mined threshold level, e.g., reaches a suilicient input force to
overcome the frictional resistance 1 between the frictional
element 22 and the interface 11, the frictional element 22 1s
displaced 1n a direction X, proportional to the magnitude of
the mput force exceeding the threshold level. The displace-
ment of the frictional element 22 relative to the interface 11
actuates the sensor to generate an output signal corresponding
to the input force of the triggering mechanism 12 and the
activating movement of the moving segment 17.

The configurations shown1n FIGS.4A,4B,4C, 4D, 8A and
8B are not intended to be limiting. Alternative methods and
materials not shown but within the scope of the sensing device
described herein can be used to convert a tensile load of the
triggering mechanism 12 to an actuation or perturbation of
the sensor. For example, conductive threads may be inte-
grated 1n the covering 15 and configured to provide an inter-
mediate mechanism 22. Other cam-type mechanisms or
mechanical mechanisms may be used as a force transierring,
mechanism 22 to transfer the force load of the triggering
mechanism 12 to actuate the sensor 19. Not shown, but under-
stood, an intermediate mechanism 22 may be configured to
isolate the sensor 19 from input loads above a maximum
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level, for example, to protect the sensor from overloading.
The configurations as described herein or other configura-
tions including, for example, cams, secondary mechanisms,
disconnect features or mechanically biased features may be
modified or adapted, for example, to filter or 1solate poten-

tially damaging or aberrant loads from actuating the sensor
19.

FIGS. SA,5B,6A, 6B, 6C,7A, 7B, 8A,8B,9, and 10 show
non-limiting examples of a sensing device 16 configured for
the measurement ol movements of various joint and segment
configurations. The sensing devices 16 illustrated 1n FIGS.
5A,5B,6A,68,6C,7A,78,8A,8B,9, and 10 are configured
to operate substantially similar to sensing devices 16 as pre-
viously described.

In a non-limiting example, FIG. SA shows a sensing device
16 configured to measure the movement of adjacent 1psilat-
cral segments 17, 18, shown as the upper leg 18 and the lower
leg 17, relative to the knee joint 14. In the configuration
shown, the sensor 19 1s attached to a second covering portion
26 of a covering 15 1n contact with the upper leg segment 18
and the first end of the triggering mechanism 12 1s attached to
a first covering portion 24 of the covering 15 1n contact with
the lower leg segment 17, such that triggering mechanism 12
extends from a reference segment 18, the upper leg, to a
moving body segment, the lower leg, while extending or
crossing over the posterior surface of the knee joint therebe-
tween, such that movement of the adjacent ipsilateral body
segments 17, 18, including a joint angle 0 defined by the
segments 17,18 and having its origin coincident with the joint
center 14, may be measured. The covering 15 may be config-
ured, as in the example shown, as a sleeve which may be
slidably positioned in contact with knee joint 14 and the upper
and lower leg portions adjacent to the knee joint 14. The
triggering mechanism 12 may be extended along an external
surface of the sleeve 15 or may be integrated into the sleeve 15
in a manner which does not constrain activation of the trig-
gering mechanism 1n response to a movement of the movable
segment 17.

In another non-limiting example, F1G. 3B shows a sensing,
device 16 configured to measure the movement of the upper
leg 18 and the lower leg 17, relative to the knee joint 14. In the
configuration shown, the sensor 19 1s attached to a second
covering portion 26 of a covering 15 in contact with the upper
leg segment 18 and the first end of the triggering mechanism
12 1s attached to a first covering portion 24 of the covering 15
in contact with the lower leg segment 17, such that triggering
mechanism 12 extends from a reference segment 18, the
upper leg, to a moving body segment, the lower leg, while
extending or crossing the posterior of the knee joint therebe-
tween, such that movement of the adjacent 1psilateral body
segments 17, 18, including a joint angle 0 defined by the
segments 17,18 and having 1ts origin coincident with the joint
center 14, may be measured. The covering 15 may be config-
ured, as 1n the example shown, as a sleeve which may be
slidably positioned 1n contact with knee joint 14 and the upper
and lower leg portions adjacent to the knee joint 14. The
triggering mechanism 12 1s extended from an external surface
ol the first covering portion 24 to the sensor 19 attached to the
second covering portion 26, such that the triggering mecha-
nism 1s generally not in contact with the surface of sleeve 15
for joint angles less than 180 degrees.

FIGS. 6 A and 6B show a sensing device 16 configured to
measure the translation of the knee joint 14 with respect to the
upper leg segment 18 and the lower leg lower leg segment 17.
In the configuration shown, the covering 135 of the sensing
device 16 1s oriented 1in contact with the knee joint 14 and the
upper and lower leg portions adjacent to the knee joint 14,
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such that the sensor 19 1s attached to a second covering
portion 26 of a covering 15 1n contact with a lateral surface of
the upper leg segment 18 and the first end of the triggering
mechanism 12 1s attached to a first covering portion 24 of the
covering 15 in contact with a lateral surface of the lower leg
segment 17, such that triggering mechanism 12 extends from
a reference segment 18, the upper leg, to a moving body
segment 17, the lower leg, while extending or crossing later-
ally over the knee joint 14 therebetween. When the adjacent
ipsilateral body segments 17, 18 are translated relative to each
other by exerting a force F1 shown 1n FIG. 6 A and/or a force
F2 shownin FIG. 6B, the triggering mechanism 12 changes in
length thereby changing the input force exerted on the sensor
19, such that the translation distance may be measured.

FIG. 6C shows a sensing device 16 configured to measure
the translation of the knee joint 14 with respect to the upper
leg segment 18 and the lower leg lower leg segment 17, when
aforce F 1s exerted on the joint 14. In the configuration shown,
the covering 15 of the sensing device 16 1s oriented 1n contact
with the knee joint 14 and the upper and lower leg portions
adjacent to the knee joint 14, such that the sensor 19 is
attached to a second covering portion 26 of a covering 135 1n
contact with a medial surface of the upper leg segment 18 and
the first end of the triggering mechanism 12 1s attached to a
first covering portion 24 of the covering 15 in contact with a
medial surface of the lower leg segment 17, such that trigger-
ing mechanism 12 extends from a reference segment 18, the
upper leg, to a moving body segment 17, the lower leg, while
extending or crossing laterally over the knee joint 14 therebe-
tween. When a force F 1s exerted on the moving segments the
triggering mechanism 12 exerts a tensile force on the input
interface 11 of the sensor 19, thereby actuating the sensor to
generate an output signal corresponding to the translation
distance of the knee joint. The first covering portion 24 and
the second covering portion 26 1n the non-limiting example
shown are each configured as a band or strap, which may be,
for example, an elasticized band slidably positioned in con-
tact with the leg segment, or may be, for example, configured
with a one or more fasteners, which may be adjustable fas-
teners, such as hook and eye fasteners, such that the covering,
portion may be wrapped around the body segment and adjust-
ably fastened in contact with the appropriate surface of the
respective body segment.

As shown 1n FIGS. 7A and 7B, more than one sensing
device may be positioned 1 contact with a moving body
portion, to facilitate concurrent measurement of the move-
ment of more than one combination of body segments. As
shown 1 FIGS. 7A and 7B, a first sensing device 16A 1s
positioned over a first joint center 14A and a second sensing,
device 16B 1s positioned over a second joint center 14B. This
configuration may provide improvements in testing eifi-
ciency, where more than one test sharing a similar movement
pattern may be conducted concurrently, or testing set-up time
may be decreased by positioning more than one sensing
device 16 A, 16B onthe wearer 1n a single session. Concurrent
testing using more than one sensing device 16 A, 16B may be
required to correlate measurements of movements obtained
from the different sensing devices, or to analyze for interac-
tions 1n the movement patterns measured by each sensing
device. Not shown but understood, the multiple sensors 19A,
19B may each be configured to transmit output signals to a
shared processor 20 to a shared memory device, wherein the
processor and/or the memory device may be located on one of
the coverings, such as the covering 15A, or which may be
located remotely, for example, where the sensing devices
16 A, 16B and the remote processor 20 and/or memory device
may be configured for wireless communication.
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FIGS. 7A and 7B show the first sensing device 16 A con-
figured to measure the movement of non-adjacent segments
relative to a non-adjacent joint center 14A, where the first
sensing device 16 A 1s configured such that the sensor 19A 1s
positioned over the joint center 14A, which may be, for
example, a joint located between two carpal bones. The trig-
gering mechanism 12 A 1s operatively attached to the first and
second body segments, e.g., to the metacarpal of the thumb
and the phalange of the index finger, atrespective attachments
13A and 13A, and to a connector 22A, through which the
triggering mechanism 12A exerts an mput load on the sensor
19A. As described previously, the connector 22A may be
configured as an intermediate mechanism configured to 1s0-
late and/or filter mput forces from the sensor 10 where the
input force exerted on the connector 22A does not meet a
predetermined threshold or condition. As 1s shown 1n FIG.
7A, as the thumb moves away from the metatarsal and/or the
proximal phalange of the index finger, the joint angle 0,
increases and the triggering mechanism 1s extended, such that
the triggering mechanism may exert a tensile force on the
connector 22A which may be transferred as a force mnput to
the input mterface 11A of the sensor 19A. The sensor 19A,
when actuated by the tensile force mput, may generate an
output signal corresponding to the measured change 1n the
joimnt angle 0 ,. The covering 15A 1s configured, in a non-
limiting example, as a portion of a glove, which may be
slidably positioned over the index finger, the thumb and the
wrist. Other configurations of the covering 15A of the sensing
device 16 A are possible, and may include one or more cov-
ering portions which may be configured to as a band, sleeve or
strap slidably positioned or adjustably fastened to the appro-
priate position on a {inger or wrist portion, or may be config-
ured as a pad or patch, for example, which may be positioned

in contact with the appropriate position for example, with an
adhesive or other removable fastener.

FIGS. 7A and 7B show a second sensing device 16B con-
figured to measure the movement of adjacent phalange seg-
ments 178, 18B relative to a knuckle joint located therebe-
tween, 1 an individual finger. As shown 1n FIG. 7A, the
moving segment 178 1s shown as the intermediate phalange
of the finger commonly referred to as the ring finger, and the
reference segment 18B 1s shown as the proximal phalange of
the ring finger. The first end of the triggering mechanism 12B
1s operatively attached to a first covering portion 24B at 13B
and the second end of the triggering mechanism 12B 1s opera-
tively connected to the sensor 19B at an 1input interface 11B.
The sensor 19B 1s operatively attached to a second covering
portion 26B. The covering portions 24B and 26B, as shown in
the non-limiting example of FIG. 7A, may be configured as
adhesive patches which may be positioned 1n contact with the
respective segments 178, 18B. Alternatively, the covering
portions 24B, 26 B may be configured as shown in FIG. 9, as
generally annular shaped elements, such as rings, bands or
straps, which may be slide onto the finger or adjustably fas-
tener thereon. The covering portions 248, 268B may be con-
figured as portions of a sleeve (not shown) or a glove or glove
portion, or 1n any other configuration which may be posi-
tioned over the phalange segments 178, 18B to position the
sensing device 168 such that the triggering mechanism 12
may be extended to cross over the anterior surface of the
knuckle joint 14B. As shown 1n FIG. 7B, movement of the
phalange segments 17B, 18B from a first position to a second
position activates the triggering mechanism 12B to provide
an mput force to the sensor 19B, thereby actuating the sensor
19B to generate an output signal corresponding to a measure-
ment of the movement of the segments 178, 18B relative to
the joint 14B. For example, the segments 178, 18B may be
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moved from a first position corresponding to a joint angle 0 5,
to a second position corresponding to a joint angle 0., as
shown 1n FIG. 7B.

FIG. 9 shows sensing device 16C which 1llustrates an alter-
native configuration for the sensing device 16A shown in
FIG. 7A. As shown 1n FIG. 9, a triggering mechanism 12C 1s
extended between an attachment 13C to a {irst covering por-
tion 24C and an mnput mterface 11C of a sensor 19C opera-
tively attached to a second covering portion 26C. The sensing,
device 16C 1s configured to measure the same joint angle O .
As the thumb moves away from the metacarpal and/or the
proximal phalange of the index finger, the joint angle 0,
increases and the triggering mechanism 12C 1s extended to
exert a tensile input force on the sensor 19C, actuating the
sensor 19C to generate an output signal corresponding to the
joint angle 0 .

In another non-limiting example, FIG. 10 shows a sensing
device 16D including a plurality of triggering mechanisms
12,,,12,,,12,;, each configured to provide an input force to
a shared sensor 19D. The covering 13D 1s configured as a
glove, and each of the triggering mechanmisms 12,,, 12,
12,5 1s configured to measure the movement of non-adjacent
segments of the hand, where each of the respective first end of
cach of the triggering mechanisms 12 ,,, 12 ,, 12,55 1s opera-
tively attached at a respective second attachment portion
13,,,13,,, 13, to a respective distal phalange of the digits
commonly referred to, respectively, as the thumb, index fin-
ger and ring finger, and where the second end of each of the
triggering mechanisms 1s operatively connected to the sensor
19D positioned 1n contact with the carpals, e.g., the wrist.
Each of the triggering mechanisms 12, 12 ,, 12 5, extends
and/or crosses over arespective jomntcenter 14,,,, 14, 14,5,
generally indicated as the joint center corresponding to the
joint between the metacarpal and the proximate phalange of
the respective digit. The sensing device 16D configured as
shown 1 FIG. 10 may provide the opportunity to correlate
and/or 1dentily patterns 1n the movements of multiple digits
measured during various hand movements.

It would be understood that a sensing device such as sens-
ing device 16 may be configured 1n a covering to measuring
many different intra-limb, inter-limb and/or joint movements
including combinations of various body segments and joints.
Further, a covering may be instrumented with a plurality of
sensing devices such that movements of multiple body seg-
ment and joint combinations can be measured simulta-
neously. The output signals from the plurality of sensing
devices may be recorded, collected and/or analyzed using
circuitry and memory storage which may be included 1n a
device incorporated 1nto the covering. Additionally, a sensing
device of plurality of sensing devices may be configured to
transmit measurement data and signals using wireless meth-
ods such that the data collection, recording or memory stor-
age device may be located remotely from the covering and/or
wearer of the covering.

The use of a covering instrumented with a sensing device to
measure the movement of a segment, limb or joint presents
numerous advantages, including low cost, unobtrusive use,
casy monitoring and flexible configurations for use 1n mea-
suring multiple joints. The method, apparatus and system
described herein may be configured for measuring intra-limb,
inter-limb and/or joint movements, and may be configured for
use related to any joint 1n the body, between any two adjacent
or non-adjacent body segments and may include individual
joints or combinations of joints including but not limited to
the shoulder, elbow, wrist, trunk, neck, hip, knee, ankle, and/
or joints contained in the hand and foot. Other configurations
of the sensing device and system described herein are pos-
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sible, and the figures and descriptions provided herein are not
intended to be limiting. For example, the sensing device and/
or system described herein 1s not limited to measurement of a
human body, but may be applied to other moving bodies,
which may include non-human living bodies or other non-
living moving or animated bodies, such as a body which 1s

moved by electro-mechanical or mechanical means, for the
measurement of movement thereof.

While the best modes for carrying out the invention have
been described 1n detail, those familiar with the art to which
this 1nvention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

What 1s claimed 1s:
1. A sensing device for measuring movement ol a moving
segment of a body relative to a reference segment of the body,
the sensing device comprising:
a covering configured to be positioned in contact with the
body, the covering including a first covering portion and
a second covering portion;

wherein the first covering portion 1s configured to be posi-
tioned 1n contact with the moving segment of the body,
and the second covering portion 1s configured to be
positioned 1n contact with the reference segment of the

body;

a sensor operatively attached to the second covering por-
tion;

a triggering mechanism operatively attached at a first end
to the first covering portion, and operatively connected
at a second end to the sensor;

wherein the triggering mechanism extends from the mov-
ing segment to the reference segment and across a joint
center located between the moving segment and the
reference segment when the covering 1s positioned in
contact with the body;

wherein the sensing device 1s configured such that when
the covering 1s positioned 1n contact with the body,
movement of the moving segment activates the trigger-
ing mechanism to provide a force input to the sensor;

wherein the force input actuates the sensor to generate an
output defining at least one measurement of the move-
ment of the moving segment.

2. The sensing device of claim 1, wherein the triggering

mechanism 1s comprised of an elastic material.

3. The sensing device of claim 1, wherein the sensor
includes at least one of an accelerometer, a piezoelectric
crystal, a piezoelectric film, a piezo-resistive film and a strain
gauge.

4. The sensing device of claim 1, wherein the moving
segment 1s adjacent to the reference segment.

5. The sensing device of claim 1, wherein the moving
segment 1s non-adjacent to the reference segment.

6. The sensing device of claim 1, wherein the moving
segment 1s contralateral to the reference segment.

7. The sensing device of claim 1, wherein the moving
segment 1s 1psilateral to the reference segment.

8. The sensing device of claim 1, wherein the moving
segment 1s one of proximal and distal to the joint center, and
the reference segment 1s the other ol proximal and distal to the
joint center.

9. The sensing device of claim 1, wherein the at least one
measurement icludes one of a joint angle, a translation dis-
tance, a movement velocity, a movement acceleration, and a
count of the number of repetitions of the movement.




US 8,830,358 B2

21

10. The sensing device of claim 1, further including:

aremovable storage device configured to recerve the output

from the sensor such that the output can be transferred to
a remote device.

11. The sensing device of claim 1, wherein the sensing
device 1s configured for wireless communication with a
remote device such that the output can be transierred wire-
lessly to the remote device.

12. The sensing device of claim 1,

wherein:

the movement of the moving segment includes at least
one of a change 1n a joint angle 0(t) and a change in a
translation distance T(t);

the triggering mechanism has a spring coelficient k, and
1s configured to change 1n length X(t) when activated
by the movement of the moving segment;

the change 1n length X(t) provides the force input F(t) to
the sensor;

the output of the sensor 1s configured as a voltage V(1);
and

such that the equation:

FT(8)+O () X () (1) V(1)

defines the relationship of the output to the at least one
measurement of the movement of the moving segment.
13. The sensing device of claim 1, further including:
an intermediate mechanism operatively attached to the sec-
ond end of the triggering mechanism and 1n selective
communication with the sensor, such that movement of
the moving segment activates the triggering mechanism
to provide a force mput F(t) to the intermediate mecha-
nism;
wherein the intermediate mechanism 1s configured to input
a force 1nput F(s) to the sensor, the force mput F(s)
defined by the force input F(t);
wherein:
the movement of the moving segment includes at least
one of a change 1n a joint angle 0(t) and a change in a
translation distance T(t);
the triggering mechanism has a spring coelficient k, and
1s configured to change 1n length X(t) when activated
by the movement of the moving segment;
the change 1n length X(t) provides the force input F(t) to
the intermediate mechanism; and
the output of the sensor 1s configured as a voltage V (1);
and
such that the equation:

KT(8)+hO(1)~hx ()=F ()= F (s )= V(1)

defines the relationship of the output to the at least one
measurement of the movement of the moving segment.

14. The sensing device of claim 1, further including;:

a preceding mechanism, wherein the preceding mecha-
nism 1s operatively connected to at least one of the trig-
gering mechanism and the sensor; and

wherein the sensing device i1s configured such that the
preceding mechanism must be activated prior to at least
one of activating the triggering mechanism to provide a
force mput and actuating the sensor to generate an out-
put.

15. The sensing device of claim 1, further including at least
one other triggering mechanism operatively attached at a first
end to another covering portion and operatively connected at
a second end to one of the sensor and an at least one other
SEensor.

16. The sensing device of claim 1, wherein at least one of
the first covering portion and the second covering portion 1s

10

15

20

25

30

35

40

45

50

55

60

65

22

configured as a portion of a band, a ring, a strap, a sleeve, and
a pad configured to be positioned 1n contact with the body.

17. The sensing device of claim 1, wherein the covering
defines at least a portion of one of a shirt, a pant, a glove, and
a stocking.

18. The sensing device of claim 1, further including:

a processor configured to receive and process the output.

19. The sensing device of claim 18, wherein processing the
output includes at least one of filtering, amplifying, convert-
ing, counting, transmitting, recording, and storing at least one
of the output and a measurement defined by the output.

20. The sensing device of claim 1, further including:

an intermediate mechanism operatively attached to the sec-
ond end of the triggering mechanism and 1n selective
communication with the sensor, such that movement of
the moving segment activates the triggering mechanism
to provide a force mput to the mtermediate mechanism;
and

wherein the intermediate mechanism 1s configured to
transier the force input to the sensor when the force input
meets a predetermined threshold, and to 1solate the force
input from the sensor when the force input does not meet
the predetermined threshold.

21. The sensing device of claim 20, wherein the interme-
diate mechanism includes at least one of a cam, a spool, a
spring, a sliding element, an elastic material, and a conductive
textile.

22. A system for measuring movement of a moving seg-
ment of a body relative to a reference segment of the body, the
system comprising:

a sensing device including:

a covering including a first covering portion and a sec-
ond covering portion, wherein the first covering por-
tion 1s configured to be positioned in contact with the
moving segment of the body, and the second covering
portion 1s configured to be positioned 1n contact with
the reference segment of the body;

a sensor operatively attached to the second covering
portion;

a triggering mechanism operatively attached at a first
end to the first covering portion, and operatively con-
nected at a second end to the sensor;

wherein the triggering mechanism extends from the
moving segment to the reference segment and across
a j01nt center therebetween when the covering 1s posi-
tioned 1n contact with the body; and

wherein the sensing device 1s configured such that when
the moving segment of the body 1s moved, the trig-
gering mechanism actuates the sensor to generate a
signal, the signal corresponding to the movement of
the moving segment;

a processor configured to recerve the signal from the sensor
and to generate a measurement of the movement corre-
sponding to the signal; and

a storage device configured to receive and store at least one
of the signal generated by the sensing device and the
measurement generated by the processor.

23. The system of 22, further including an output device 1n
communication with at least one of the sensing device and the
processor, the output device configured to recerve and display
one or more of the signal, the measurement, and a message
defined by at least one of the signal and the measurement.

24. The system of claim 22, wherein the storage device 1s
configured as one of:

a removable storage device configured to be selectively

connected with one of the sensor, the processor and a

remote device; and
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a storage device configured to be 1n wireless communica-

tion with one of the sensor and the processor.

25. The system of claim 22, further including a computing,

device configured to receive at least one of a plurality of

signals generated by the sensing device and a plurality of >
measurements generated by the processor, and configured to
at least one of:

analyze the at least one of a plurality of signals and a

plurality of measurements generated by the sensing
device;

identify a pattern of movement;
count repetitions of movement;
generate a message 1n response to one or more of a signal,

a measurement, a count, or a pattern.

10

26. The system of claim 22, further including at least one of 13

anot.

ier sensing device, another triggering mechanism,

anot.

1er sensor, an intermediate mechanism, and a preceding

mechanism.

27. A method for measuring movement of a moving seg-
ment of a body, the method comprising:

positioning a sensing device in contact with a body,

wherein:

the sensing device 1s configured to include a sensor, a
triggering device, and a covering including a first
covering portion and a second covering portion;

the sensor 1s operatively attached to the second covering
portion; and

the triggering mechanism 1s operatively attached at a
first end to the first covering portion, and operatively
connected at a second end to the sensor;

20
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moving the moving segment of the body relative to the

24

wherein positioning the sensing device in contact with the

body includes positioning the first covering portion 1n
contact with the moving segment of the body, and posi-
tioning the second covering portion 1n contact with a
reference segment of the body such that the triggering
mechanism extends from the moving segment to the
reference segment and across a joint center located

between the moving segment and the reference segment;

reference segment and the joint center to activate the
triggering mechanism to provide a force mput to the
sensor to actuate the sensor, wherein the force input
corresponds to the movement of the moving segment;

actuating the sensor to generate a signal corresponding to

the force input;

providing the signal to a processor in communication with

the sensor; and

processing the signal using the processor to derive a mea-

surement of the movement.

28. The method of claim 27, further including:
providing at least one of the signal and the measurement to

a remote device, the method further including at least
one of:
storing the at least one of the signal and the measurement

on the remote device;
analyzing the at least one of the signal and the measure-

ment; and
generating a message 1n response to the at least one of
the signal and the measurement.
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